INTRODUCTION
Hemorrhagic fever with renal syndrome (HFRS) is an acute infectious disease caused by Hantaan virus and is clinically characterized by fever, renal failure, and hemorrhage in organs such as the lung, kidney, spleen, brain, and pituitary gland [1] . The hemorrhage in HFRS varies from transient petechial lesions to fulminant and massive bleeding. Most of the hemorrhagic manifestations occur from the febrile stage to the oliguric stage, and rarely in the convalescent stage. Renal medullary hemorrhage is a well-documented complication in HFRS [2] , but the spontaneous rupture of a kidney or retroperitoneal hematoma is rare [3, 4] . We report a case of HFRS complicated by the spontaneous rupture of an arteriovenous malformation (AVM) of the testicular vessels at the inferior portion of the right kidney and a retroperitoneal hematoma that was treated by transcatheter arterial embolization.
CASE REPORT
A 43-year-old man visited the emergency department because of nausea, vomiting, diarrhea, and epigastric pain lasting 2 days. He had suffered from a fever, chills, and headache for 4 days prior to admission. He had no other medical problems, no history of drug On the second day of hospitalization, he became oliguric and started hemodialysis. One day later, he began to complain of severe right lower abdominal pain accompanied by abdominal rigidity. He subsequently became hemodynamically unstable and delirious. He was moved to an intensive care unit for close observation. Hemoglobin measurements were at 8.5 g/dL on the third day of hospitalization and further declined to 3 g/dL, resulting in continued thrombocytopenia. Thus, he received a transfusion of three units of packed red blood cells and eight pints of platelet concentrates.
Emergency contrast-enhanced computed tomography of the abdomen and pelvis showed a huge retroperitoneal hematoma below the right kidney with surrounding complicated f luid collection, and right hydroureteronephrosis (Fig. 1) . Renal arteriography was performed as well as selective right renal arteriography, which showed extravasation of the contrast medium from an AVM of the testicular vessels at the inferior portion of the right kidney ( Fig. 2A) . Transcatheter embolization was performed at the ruptured small branches (Fig. 2B) . After embolization, renal arteriography confirmed that there was no more extravasation of the contrast medium. The antibody titer of Hantaan virus was greater than 1 : 1,280, and the patient was confirmed to have HFRS with retroperitoneal hematoma.
Urination gradually increased to 2,600 mL/day, and serum creatinine decreased to 1.34 mg/dL. Therefore, hemodialysis was halted on day 6 of hospitalization. On day 9, a follow-up computed tomography scan of the abdomen and pelvis showed that the extent of the retroperitoneal hematoma and the amount of surrounding fluid collection had decreased. The patient was discharged from the hospital after recovery, on day 19. 
DISCUSSION
HFRS is a rodent-transmitted disease caused by a Hantavirus. Hantavirus infection is acquired by inhalation of aerosolized virus-containing particles or by contact with the urine, secretions, or feces of infected rodents. Classic HFRS has several prominent features, including fever, hemorrhage, hypotension, and renal failure [1, 5] . However, the clinical course can be extremely variable, from asymptomatic to severe, depending on the strain of Hantavirus infection.
Increased vascular permeability appears to play a general role in the pathogenesis of Hantavirus infection. This is suggested clinically by an increase in the hematocrit and a decrease in the serum protein levels. Tracer studies have confirmed the presence of general- ized vascular leaks [5] . This phenomenon can explain the bleeding tendency, retroperitoneal edema, and pulmonary edema seen in Hantavirus infections.
The mechanism of the bleeding tendency in HFRS is associated with thrombocytopenia, abnormal platelet function, vascular damage, and disseminated intravascular coagulation [4] . The cause of thrombocytopenia is not related to reduced platelet production, but rather to increased platelet consumption owing to shortened platelet survival, increased megakaryocytes in the bone marrow, and circulating giant platelets in the peripheral blood [6] . Thrombocytopenia appears at the febrile phase, worsens during the oliguric phase, and may recover by the diuretic phase. The abnormal adhesion and aggregation of platelets are thought to be associated with uremia and f ibrin degradation products, which also appear at the febrile phase, worsen during the oliguric phase, and may recover by the diuretic phase. Vascular damage is due directly to the virus itself; secondary causes are adherence of circulating immune complexes to vessel walls, hypoxia, and acidemia. Findings of coagulopathy in most documented cases had normalized within 10 days of the illness. Therefore, disseminated intravascular coagulation and thrombocytopenia in the early phase, and azotemia developing later may be important in the pathogenesis of the bleeding tendency in HFRS [6] .
The most common manifestation of hemorrhage is petechiae involving the skin and oropharyngeal mucosa. Hemorrhage occasionally occurs spontaneously or via minor trauma in vital organs such as the lung, kidney, spleen, brain, and pituitary gland [4, 7] . The prevalence of spontaneous retroperitoneal hemorrhage in HFRS is 0.48% in Korea [3] and 0.6% in China [4] . Several cases of perirenal hemorrhage with retroperitoneal hematoma in HFRS have been reported in Korea. One case that showed active extravasation of contrast medium on selective renal arteriography was treated by renal artery embolization [8] . The present case also showed active extravasation of contrast medium on renal arteriography, and we ascertained that the cause of bleeding was a spontaneously ruptured testicular AVM, unlike the case mentioned above [8] .
The treatment of spontaneous renal bleeding and retroperitoneal hematoma is decided according to the cause of the bleeding. Well-known causes are renal cell carcinoma; angiomyolipoma; vascular conditions such as renal infarction, aneurysm, and AVM; and miscellaneous causes, including HFRS and hemorrhagic cyst or abscess. When the cause is indefinite, the bleeding or hematoma has often been treated with surgery because of the probability of malignancy. In HFRS cases, the indications for surgery are progressive anemia, palpable retroperitoneal hematoma, and symptomatic peritoneal irritation [9] . However, when the cause of bleeding is a vascular abnormality, angiography is useful for the diagnosis and treatment by endovascular therapy with embolization [10] . One previously reported case in Korea was treated with renal artery embolization [8] , but most have been treated with conservative management. In the present case, we performed renal arteriography to confirm the testicular AVM and transcatheter superselective testicular artery embolization, rather than surgery, to treat the bleeding and perirenal hematoma.
In summary, retroperitoneal hematoma caused by a ruptured testicular AVM is a rare complication of HFRS. In cases of vascular abnormalities, angiography is useful for diagnosis as well as treatment. We must consider a vascular lesion as a cause for retroperitoneal hematoma in HFRS.
